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Abstract 
Video game design and development has evolved into a 
profitable and widely accepted creative field that operates 
with ever-increasing technical capability. This improved 
capability has facilitated an increase in the visual fidelity 
achievable within real-time environments. Game artists 
faced with creating these environments are tasked with 
maximizing both system resource allocation and efficiency 
in production time. One strategy that has been adopted by 
artists is to implement a modular design and construction 
approach when developing environmental elements. 
Although this approach offers many benefits for artists, the 
associated skills and techniques are not well defined. 
Through an exploration of existing literature and reflection 
on current practice, this study identifies and evaluates a 
range of contemporary approaches to modular construction 
for real-time environments, and in the process, offers 
valuable insights for practitioners. 
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Research Introduction 

Introduction 
When developing games within real-time engines there is a 
need to be conscious of the limitations imposed through the 
computer system’s capability to render information. The 
introduction of strain on the system may cause adverse 
effects to the gameplay experience and therefore the 
challenge for the designer of real-time game environments 
is to create highly optimized worlds that balance the 
system’s performance with aesthetic quality.  Designers of 
games have utilised a variety of strategies in order to 
optimize performance and manage systems resource 
allocation. One contemporary approach that has emerged 
involves the notion of modularity in design. Modular 
approaches involve breaking a scene into smaller 
components which are then brought together to make the 
full scene. Modularity offers improved performance through 
a reduction in unique draw calls that are initiated within a 

real-time scene.  Designers of video games have adopted a 
variety of approaches when considering modularity, many 
of these approaches are not well defined and as a result fall 
under the umbrella term of ‘modular’. As a result, designers 
attempting to adopt these modular approaches within a 
variety of contexts have little to guide them. This paper 
reflects on a practice-led research project that offers 
valuable insights for practitioners attempting to employ 
modular approaches within real-time game contexts.  

Real-time Graphics 
The field of real-time graphics is focused on the production 
and rendering of computer generated images in real-time 
using a graphics processing unit (GPU). These images are 
rendered sequentially as frames to simulate graphical 
scenes and movement. The speed at which these frames 
are rendered in seconds is referred to as framerate. Lower 
framerates caused by the system’s inability to process 
information in a timely manner is generally considered 
unfavorable, as the simulation of seamless motion is lost. 
To avoid this, creators of real-time graphics must balance 
image quality while attempting to minimize resource usage. 
Real-time graphics can be traced back to the software 
Sketchpad. Released in 1963, the world’s first real-time 
computer graphics application [3]. The evolution of 3D real-
time graphics has enabled the processing of 3D imagery in 
real-time. These 3D images are constructed using a 
collection of locations in 3D space that allow for the 
generation of faces known as polygons, which are 
connected together in order to create a mesh. Through 
digital rendering images and textures are applied to the 
mesh coordinates in order to add surface detail and colour.  

Figure 1: A mesh created using polygons [20] 
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When considering optimization in real-time video game 
environments, one primary area of concern is mesh 
complexity. As seen in figure 1, meshes are a collection of 
polygons created and arranged within 3D software to create 
an object. When rendering a scene in real-time, the 
computer system is required to render these meshes in 
real-time, which can become very hardware intensive, 
particularly on the graphics and central processing units 
(GPU and CPU respectively). As a result, real-time design 
is constrained by the system hardware [3].  Early forms of 
real-time graphics for video games were limited in the 
amount of complexity that an object could have and would 
rely heavily on baked lighting and surface textures to 
convey meaning. This would limit the amount of visual 
fidelity that developers could achieve [7]. Since the release 
of Wolfenstein 3D in 1992, real-time graphics have 
experienced a steady increase in the visual fidelity for 
environments [9]. This has been enabled by the 
development of new computing hardware that is capable of 
processing an increased number of polygon meshes on 
screen at a given time whilst displaying higher resolution 
surface textures [9]. This ability to render more 
simultaneous objects on screen affords designers the ability 
to manage system resource allocation through techniques 
used in asset and scene construction. As a result, 
contemporary approaches to 3D design for real-time 
environments emerge within practice. One such approach 
is the notion of modularity in design [11]. 

 

Figure 2: Early Virtual Environments [15] 

Modularity in Design 
Modularity in design is an approach found in disciplines 
such as architecture, technology, biology and game 
development. Uday Farhan describes the modular process 
as “assembling a number of fixture elements in a feasible 
sequence that is properly determined” [12]. In video 3D 
real-time environment design for games modularity is 
applied through the creation of smaller components 
designed with the intent of being combined for the creation 
of new assets, props or structures. This form of modular 
design draws comparisons with the plastic construction toy 
Lego which uses a series of pre-constructed pieces in order 
to produce a variety of creations. This can be observed in 
figure 3, where the same window module is applied 
between multiple buildings, removing the need for 
additional time in creating several independent models. 

 

Figure 3: Lego Modular Design [20] 

This process was adopted due to its ability to lower the 
development workload and optimize game performance. 
This is due to the environment artist only needing to create 
a small series of assets which can be reused by the 
system, rather than creating unique assets for each location 
[8]. Modularity can further be broken down into different 
approaches [18], these two particular approaches will be 
covered through an analysis of two video game releases, 
FromSoftware’s ‘Dark Souls 3’ and Creative Assembly’s 
‘Total War: Warhammer’. 

Modulation in Games 
Modularity in design has been employed in a variety of 
modern games, each adopting different approaches to 
constructing their environments. For example, ‘Dark Soul 3’ 
utilises a common form of modular design found in 
contemporary games through the creation of a series of 
small assets which are combined together to create all 
architecture found within the game. This approach is 
explained by Benjamin Roach, a level designer for From 
Software who states that  

“As Dark Souls 3’s environments are 
predominantly large and detailed I discovered 
that modularity and flexibility were key to 
making the level when it comes to models. 
There are very few unique models in my entire 
scene” [25].  

This process reduces the total number of unique models 
required to be produced and therefore offers improvements 
in time efficiency for developers. The modules repetitious 
nature is concealed through the use of foliage and minor 
model variations [25].   



 
Figure 4: Modular implementation in Dark Souls 3 [25] 

While Dark Souls features a large variety of individual 
modules created in a planar fashion, Creative Assembly 
make use of a different approach to modularity in design 
with their PC title ‘Total War: Warhammer’ [26]. Buildings 
are assessed and divided into primitive shapes that are 
collocated in order to create a variety of structures. As 
shown in figure 5, buildings have been broken down into 
primitive shapes; these modules can then be applied in a 
variety of ways to achieve different architectural forms.     

 
Figure 5: Modular breakdown in Total War: Warhammer 

[26] 

Modularity and the Designer 
As can be demonstrated in these two examples modular 
design for game environments is applied in a variety of 
forms. Different modular approaches clearly exist; however 
these approaches are not well defined, with each approach 
existing within the overarching term of ‘modularity’. This 
brings to light the need for more clarity in distinguishing the 
variety of approaches for modularity in design [18]. While 
the environment artist has played a staple role in video 
game design since the inclusion of 3D graphics, there 
exists a need to identify the modular practices used by 
contemporary game development. This paper reflects on a 
practice-led research project that examines modularity in 
video game design. In this study three primary approaches 
to modularity in design for game environments are 
identified and explored through practical application.  

Methodology and Methods 

Practice-led research involves utilising methods associated 
with a qualitative practice, with an emphasis on a reflection 
based approach. This study adopts a practice-led approach 
in line with the definition offered by Carole Gray, who states 
that practice-led research is: 

“Firstly, research which is initiated in 
practice, where questions, problems, 
challenges are identified and formed by 
the needs of practice and practitioners; 
and secondly, that the research strategy is 
carried out through practice, using 
predominantly methodologies and specific 
methods familiar to us as practitioners.” 
[10]  

Through planning, acting, observing and reflecting, this 
research explored the concept of modularity in design for 
real-time game environments in order to gain a more 
thorough understanding of contemporary approaches 
employed in modular game environment design. This 
research project was conducted in a three cycle format with 
each cycle introducing and exploring a different approach 
the modularity in design. Each cycle was compared and 
contrasted with the other cycles with the aim of discovering 
the advantages, disadvantages and appropriate application 
for each approach. Data informing this paper was collected 
in the form of a development diary and observations made 
during practice.  

Research Analysis and Findings 

Introduction 
Through an examination of contemporary games this 
project identified three specific methods applied in real-time 
scene construction. Throughout this study these 
approaches are referred to as the following:  

 Planar method – The designer uses one-sided 
uniform modules which are snapped together in a 
‘jigsaw’ style.  

 Box method - The designer incorporates larger 
intersecting assets with each individual asset 
featuring a higher level of detail.  

 Diverse method - The designer develops a series 
of non-uniform modules which are designed to 
interact with every other module in an 
unconventional manner.  

These methods were applied in the creation of scenes that 
provide insight into system performance, development time 
and how applicable each approach is to different 
development contexts. This study addressed planar, box 
and diverse approaches as previously described, and it 
should be noted that other modular approaches fall outside 
of the scope of this project.  

Technology 
The practical component of this research project utilized the 
following software: Blender, Adobe Photoshop and Unreal 
Engine 4. Blender was selected for the creation of assets 
due to previous development experience and the simplicity 
associated with in translating methods to other forms of 3D 
modelling software. Adobe Photoshop was used to edit and 
create textures for the scenes.  



 

Figure 6: Blenders User Interface [5] 

 

Figure 8: Photoshop User Interface [2] 

The scenes were constructed using Unreal Engine 4, as 
this software is used extensively in contemporary game 
development. Examples include: Fortnite, Gears of War [8], 
Absolver [1] and Hellblade: Senua’s Sacrifice [30]. 

 

Figure 9: Unreal Engine 4 [29] 

Practice Cycle 1, Planar Method 
One method commonly seen in many games such as 
XCOM 2, Fallout 4 and Skyrim is the creation of single-
sided modules with uniform dimensions that can be 
implemented in a ‘jigsaw’ style. For the purpose of this 
study I will refer to this method as ‘Planar’ modularity.  

 

Figure 70: Planar Modular Design 

This approach can be observed in games such as ‘XCOM 
2’ [31] which applies this method in a randomized nature. In 
this context the system randomly generates environments 
from a series of prefabricated modules. 

 

Figure 81: Planar Modularity in XCOM 2 [31] 

The first phase of my project involved exploring planar 
modularity through the construction of a scene which 
included the following primary assets:  

 Wall module 

 Pillar 

 Cornice 

 Trim module 

 Floor module 

 Ceiling module 

To keep a level of control between each approach, I opted 
to maintain a similar architectural style between iterations. 
A medieval design style was chosen due to the modular 
nature employed in many examples of medieval 
architecture.   



 

Figure 92: Medieval Architectural Breakdown [28] 

As seen in figure 13, the modular nature of medieval 
architecture was translated into a digital game environment. 

Act / Observe 
The initial environment was created primarily of small one 
by one tile modules. These were then complemented by a 
pillar and cornice object to hide the seams between each 
planar module.  

 

Figure 103: Artefact 1, Basic Modules 

These assets were then expanded upon with ‘hero’ objects, 
which are unique assets designed to combat art fatigue 
brought on by monotony. Variations to existing modules 
were also created for the same purpose. While this may not 
apply to every module, I did discover that this method was 
fast to develop and texture due to the simple topology of the 
individual objects.  

 

Figure 114: Artifact 1, Completed Modules 

For engine implementation and performance testing, a 
series of vegetation meshes such as bushes, trees and 
grass, were developed to be utilised between artifacts in 
order to emulate the performance strain that additional 
details would contribute to engine performance. 
Implementation into the game engine was slightly more 
time consuming than creation, primarily due to the 
application of level of detail meshes. A major advantage of 
this modular approach is the ease with which the user can 
alter individual modules without causing issues with the rest 
of the ‘kit’. Originally it was planned to only feature planar 
modules within the scene, however during the study it was 
found that utilising larger assets, particularly in locations 
further from the cameras, allowed for a reduction in 
rendering time and offered significant performance 
advantages. 

 

Figure 125: Artifact 1, Engine Implementation 

Although scenes were initially developed one module at a 
time it was discovered that this approach was incredibly 
time consuming. Due to the constructed assets consisting 
primarily of smaller modules, a greater level of control over 
the scene was offered for the designer. It should be noted 
that assembling these modules in the scene was also time 
intensive. Interior sections of the buildings were also 
difficult to develop as the uniform size of the modules did 
not account for the pillar assets which lead to the modules 
being off-center by a small margin with each placement. 
Consequently, interior scenes usually intersected 
unnaturally or were not aligned with walls. 

Reflection 
Planar modularity proved to be an effective way to 
assemble an environment. The primary issue with this 
approach was the long development time in-engine. This is 
due to the smaller size of modules. This could be avoided 
with the use of prefabs at the risk of losing some of the 



flexibility provided by the module’s design. This work 
indicated that this process is best used when developing 
either an interior or smaller environment manually, as the 
smaller modules allow for greater control over the structure 
of levels but can also lead to increased construction time in 
larger scenes, where tiling has potential to negatively 
impact engine performance.   

Practice Cycle 2, Box Method 
Another method observed in contemporary games is the 
use of larger modules which can be used independently 
and in collaboration with additional modules. This approach 
can be observed within games such as ‘Assassin’s Creed: 
Unity’ [4] which consist of larger building modules which 
can be interchanged with a range of similarly scaled 
modules in order to create unique architectural designs. For 
the purpose of this study I will be referring to this practice 
as ‘box’ modularity.     

 

Figure 136: Box Modularity in Assassin’s Creed Unity [17] 

The second phase of this project involved the development 
of a real-time scene utilising a box modular approach. This 
will feature the following primary assets:  

 Square building module 

 Roofing module 

 Pillar module 

Act / Observe 
The initial assets were developed using a one by one by 
one uniform scale before complimenting them with a series 
of pillar and cornice objects to assist in combining 
elements. The viability of these assets was tested within the 
chosen 3D software to ensure that they could be used in 
tandem with one another. The design for this cycle was 
restrictive in nature when compared to the previous 
approach with box modules allowing for very little intricate 
detail in the structure of scenes. This approach did offer 
advantages in the number of assets required to build the 
scene in order to achieve the same visual fidelity as cycle 
one of the study. Level of detail meshes were also more 
time consuming than the initial cycle due to the added 
visual fidelity found in these larger meshes.  

 

  

Figure 147: Artifact 2, Individual Box Modules 

Assets were imported into Unreal, where they were 
arranged into a basic game environment. Surprisingly, this 
approach required almost the same amount of time to 
assemble an environment as found with the planar method. 
Restrictions brought on by the asset sizes also had 
implications for creating variety within the environment. 
Optimisation was less effective due to the larger module 
size leading to unseen faces being rendered as well as less 
culling and level of detail transitions. The primary 
advantage this practice offered was the ability to create 
high visual fidelity with a low number of assets. In contrast 
cycle 1 of the study also required additional time to be 
dedicated to furnishing these assets in order to avoid art 
fatigue. 

 

Figure 158: Artifact 2, Engine Implementation 

Reflection 
After the completion of this cycle the study indicated that 
the method described as box modularity applies to very 
niche applications. Games such as Assassin’s Creed Unity 
[17] utilise a procedural generation system alongside this 
approach, allowing the developers to uniformly scale these 
assets in order to generate large pieces of the environment 
through automated systems. In terms of manual placement, 
the practice was unsuccessful in saving development time 
and in some places even hindered implementation due to 
the strict scale and application of the assets. Box 
modularity offers benefits for optimisation and development 
time when used in randomly generated or larger exterior 
scenes where the modules can be used to cover a larger 
surface area without the need for intricate detail. 

Practice Cycle 3, Diverse Method 
The third approach explored borrowed elements from both 
of the previous approaches but applied them in an 
unconventional manner. This form of modularity features 
non-uniform modules utilising a variety of scales, which can 
intersect and be resized allowing for more freeform 



application of the modules. For the purpose of this study 
this method will be referred to as ‘Diverse’ modularity. 
Research for the study indicated that this approach is 
utilised throughout contemporary game development, one 
example examined for this study is the game Bloodborne 
[6].  

 

Figure 16: Diverse Modularity in Bloodborne [6] 

 As seen in Figure 21, the building can be broken down into 
its individual elements, which can then be observed in other 
buildings within the environment. To help replicate this 
style, this project borrowed heavily from Bloodborne’s [6] 
design which features the following primary assets: 

 Pillar module (multiple variations)  

 Roof module 

 Window module 

 Wall module 

Act/ Observe 
Phase three began by creating the series of pillar modules, 
as their extensive use can be observed in figure 19, forming 
the vast majority of the structure, and is complimented by 
smaller wall elements. These were then complimented by 
several unconventional objects which varied in size and 
surface design.  

 

Figure 170: Artifact 3, Sample of Modules 

The preparation and development of these assets proved to 
be the slowest of all the cycles, requiring more time for 
planning, modelling and texturing. These assets were time 
consuming to develop due to their non-uniform design, 
meaning each asset lacked a starting reference or an 
effective way to test their tileability during development. 
Breaking down reference images into individual assets was 
also difficult for these reasons. Implementation into the 
game engine continued the trend of time consumption, as 
assets required large periods of time to be devoted to 
optimization, such as implementing multiple levels of detail 

in order to counteract the higher number of individual 
modules present in the scene. 

To save time prefabs were created for larger modules 
which could be used in a style similar to planar modularity.  

 

Figure 181: Artifact 3, Prefab Modules 

Interestingly this increased the speed of development 
dramatically, the larger prefabs allowing for the creation of 
a variety of building designs in a shorter time than both 
previous cycles. The smaller size of the individual modules 
also allows for a larger range of variety in the architecture 
while maintaining a high level of visual fidelity.  

 

Figure 192: Artifact 3, Prefab Modules Used to Create a 
Building 

Issues associated with this approach include an impact on 
performance, with the scene experiencing very low 
framerates when utilizing baked lighting. This meant the 
scene had to rely on the lower quality dynamic lighting 
systems.  

 

Figure 203: Artifact 3, Completed Scene 

Reflection 
The outcome for this cycle was surprisingly successful, 
providing the most visual fidelity as well as the fastest 
development time once in-engine. The major setback for 
this approach is the development time prior to engine 
implementation, as the creation of individual modules can 
be very time consuming. Like Planar modularity, this 
process is best used when developing more confined, 
linear experiences manually, as the developer can use the 



linear nature of this approach to better optimise their scene. 
Larger, more open scenes may experience performance 
problems due to the density of assets needed to create the 
prefabs. For this reason, extensive use of level of detail 
maps or level streaming should be considered when 
applied in larger scenes.  

Results 
This research project involved three practice cycles, each 
of which incorporated a different approach for modular 
design. These cycles were used to analyze the primary 
advantages and disadvantages of each approach to 
practice. Cycles one and three proved to be the most 
effective strategies for developing within a wider range of 
contexts and visual fidelity, while cycle two was found to be 
more specialised in its application. Cycles one and three 
featured a greater density of assets than that of cycle two, 
allowing for the individual modules to be applied to a 
greater variety of situations. The larger density of assets 
found within cycle three caused performance issues in 
some circumstances, one of these circumstances being 
when baked lighting is used within the scene. Further 
research into optimization processes may be beneficial in 
identifying ways to resolve this issue. Cycle three also 
presented a need for further investigation due to the 
implications that the non-uniform approach to asset 
creation has on practice.  

Research Conclusion 
Through the examination of contemporary game 
development methods this study Identified three primary 
approaches to modular practice described as Planar, Box 
and Diverse. Cycles of practice revealed that when applied 
in the appropriate context all three approaches offer 
significant advantages in regard to development time and 
performance efficiency. The study also revealed that some 
inherent disadvantages may occur between the three 
methods of practice examined, such as the performance 
cost associated with the diverse approach or the limited 
scope of box modularity. These findings indicate that the 
success of modular approaches is largely dependent upon 
the development context and the desired effects.  
Designers considering modular approaches require a clear 
understanding of the development environment in which 
they are designing. Factors such as procedural generation 
and scene type and size may impact the effectiveness of 
the chosen approach. It is essential for designers when 
considering modularity for real-time game environments, to 
apply methods of practice that are congruent with the 
development context and environment.  

In conclusion, this research project has identified three 
contemporary approaches for modularity in design referred 
to as planar, box and diverse. Through a practice-led 
approach this study demonstrated the implications of each 
contemporary approach for practitioners, offering valuable 
insight into modularity in design for real-time games. While 
the insights offered in this study provide a starting point for 
modularity and practice, further research is needed to 
advance our understanding of best practice in modular 
design within the specific contexts of real-time game 
environments.  
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